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EFFECTSOF TIP DIHEDRALON LATERALSTABILITYAND

CONTROLCHARACTERISTICSAS DETERMINEDBY TESTS

OF A DYNAMICMODELIN THE LANGLEYFREE-FLIGHTTUNNEL

By Herman0, Ankenbruck

SUMMARY

The effectsof tip dihedralon lateralstability
and controlcharacteristicswere investigatedby fli~~~~
testsof modelsin the Langleyfree-flighttunnel.
geometricdihedralanglewas variedovera wide range

—
● with the dihedralbreaksat the wing rootand at 50

and 75 percentof the semispanoutboardof the wing root..
The vertical-tailareawas variedfrom 5 to 15 percentof

. the wing area. The modelwas flownwithvariouscombi-
nationsof thesevariablesat lift coefficientsfrom 0.4
to 1.0.

At low ~iftcoefficientsand at similarvaluesof
effectivedihedraland directionalstabilityno differ-
enceswere notsdin the flyingcharacteristicswith full-
spanor tip dihedral. At high liftcoefficientshowever
largeanglesof tip dihedralcausedlightlydampedlatera!
oscillations(predominantlyrolling)whichwere considered
objectionableand possiblydangerous. This abnormal
lateraloscillationwas believedto be causedby a reduction
of the dampingin rolldue to earlystallingat the d~he~al.
juncture.

INTRODUCTION —

Pilotshave reportedpoor laterg~-flightbehavior
. at low speedsof airplaneswhichhave tip dihedral. An

investigationwas thereforemade in the Langleyfree-flight
tunnelto determinethe effectsof tip dihedralon lateral-
flightcharacteristics..
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The investigat~nnconsistedprimarilyin flight
testsof similarmodslshavingdihadralbreaksat
variouss~anwiselocations.Testsweremade overa
rangeof dihedralangleat full-span,hal~-span,and
quarter-spandihedrals(tnatis, withdihedralbreaks
at O, 50, and 75 percentof the semispanoutboardof
thewingroot). In orderthatthe investigationmight
be quitegeneral,a rangeof v3rtical-tailsize from5
to 15 percent-ofthe wingareawas used for each dihedral
configuration.The resultsof the testsare presentedin
the formof qualitatlv~ ratingsof the generalflight
behaviorof themodelsto showthe effectsof tipdihedral
as comparedwith a full-spandihedral.
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SYMBOLS

massof model,slugs -.

wing area,squarefeet (2.67sq ft)

vertical-tailarea,squarefeet

wing span,feet

airspeed,feetper second

dynamicpressureS poundspsr squarefoot ()+3V2
time,seconds

radiusof gyrationcf modelaboutlongitudinal
axis,feet

radiusof gyrationof modelabout–verticalaxis,
feet

Routh~sdiscrimi.nant

coefficientin stabilityquarticequation,given
in reference1

yawingangularvelocity,radiansper second

mass densityof air, slugsper cubicfoot

angleof sideslip,degrees
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angleOryaw, degrees
rollingangularvelocity$radiansper second

geometricdihedralangleof mean thicknessline,
degrees

angleof bank, degrees

airplanerelative-densityfactor
()&

(Lift)liftcoefficient ~

‘Rollingmomentrolling-moin3ntcoefficient
( qSb )

lateral-forcecoefficient
c )
ataralforce

qs
yawing-mrmentcoefficient( )Yawingmoment

—
\

rateof changeof rolling-moment

angleof sideslip,per dagree

aSb /

coefficientwith

(>

~cl - -J
-
b

rate of changeof lateral-forcecoefficientwith

?)
Cyangleof sideslip,per degree
m

rate of changeof yawing-momentcoefficientwith

angleof sideslip,per dagrae ()%

rate of changeof relling-momentcoefficientwith

(
~CLrolling-a~ular-velocityfactor

)~
rate of changeof yawing-momentco~fficiantwith

rolling-angular-velocityfactor
(&)

rataof changeof rolling-momentcoefficientwith

yawing-angular-velocityfactOr
“(%%+)
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b

Cn rateof chan~ of’yawing-moment–coef’flctentwith
r @n\

yawtng-angqlar-vqloc.ityfactor —

()~g

APPARATUS

The investigationwas carriedout-intheLangley
free-fli~httunnel,whichis equippedfor tastingfree-
flyingairplanemodels. A complatedescriptionof the
tunneland its operationis givenin reference2. Force
tsststo determinethe staticlateralstabilityderivatives
weremade on theLangleyfree-flight-tunnslsix-compcnent
balance,describedin reference3. Thisbalancerctatas
with themodel in yaw,’so thatall ~orcasand moman:sare
?masuredwith rssaectto tne stabilityaxes. The stability
axesare an orttlo:;~nalsystamof axes havingits origin
at the centarof gravityin whichtheZ-axisis in the
planeof symmetryand perpendiculartc the ralativewind,
theX-axisis in theplane of symmetryand perptiadicular
to the Z-axis,and the Y-axisis perpendiculartc the plane
of symnetry.

The controlused on free-flight-tunnelmcdelsis
a “flicker”(full-onor full-off)system. (Seereference 2.)
Duringany one flight.the controldeflactioasin the full-
on pcsitionsare constantand the amountof controlapplied
to the modelis ragulatedby thenumbercf controldeflect~cns
usedand by the lengthof time the controlis hdlddsflected.

Two free-flyingmodelswers used for the investigation.
One modelhad a dihedralbreakat the r~otand at 50 percent
“f th~3semispan. The othsrhad a dihedralbrtiakat tharoot
and at ?5 percentof the ssmispan. Althrughthembdslsused
in the testswerenot scalemodelsof any particularair-
Plane,theyapproximatelyrepresented~-scale modelsof
currentconventionalfighterairplanes.The.~dels were of
high-midwingde~+_gnwithan angleof swaepbackof 0° of the
~O-pergent=chordline,taperrat-ioof.0.5,and spanof
4 feet. A three-viewdl~awingand photographsof themodels
are shownas figuzes1 tc 4. The mcdelsusedwere sfmtlar”
in arran~ement”to tp~“mo”delusedfgr tha t3stsof reftir6nce4.
FPW verticaz“tailswsra.usedto vary the directional9ta-
bilityof them6.5els.(Seefig.2.)
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The modelrelative-densityfactorand radii@f
gyrationwere: —

w ● * ● * ● “ “ ● ●.” ● “ “ ● w ● ● ● “ ● “ ● ● ●
8.10

kX/b... . . . . . . . . . . . ● Q ● O c ● “ ● ●0s161

~/b . . . . . . . . . . . . . . . . . . . ● SC CO*241

T%STS

Scope of Tests

Flighttestsef themodelwere made at a lift
coefficientof 1.0 for a rangeof d~~d~al ‘angle‘at-the-..
variousspanwiselocationsand for a rangeof vertic-al-
tailareawhichare consideredrepresentativec~ p~e-sent=
day limits. Tke dihedralanglewas variedfrom -10°
t@ 20° for the full-span-dihedraltests,frcm -20Cto 40°
for the half-span-dihedraltests,and frcm -40°to 40° for
the quarter-span-dihedraltests. For the haI-f-span-dihedral
and quarter-span-dihedraltaststhe dihedralanglaof the”
inboardsectionwas maintainedat 0° while the dihedral
anglewas variedfrrmthe half-spanor quarter-span_posi~_ions*
The vertical-tailareawas variedfrcm5 to 15 parcentof the
wing area.“-Frr test conditionsat which thebehaviorof the
modelswith tip dih3dralwas abnormalat a liftcoefficient
of 1.0,additionalflightt~stsweremade f“tira rangeof.-lift
coefficientfrom0.4 to 1.0. The valuesof CL and C

P %
correspondingto the varioustestconditionswere determined
from force-testdataand are pr6sentedin figutie5. stall
surveysweremade with ttitsin orderto determinethewing-
stallpatternsof themodelsfor vari~usdihedralarrangements.

TestingProcedure

The modslwas flownat each testconditionby means
of aileronscoupladwith rudder. A totalailerontravel
of 300 was used for all theflighttests. The rudder
travelsusadw~rs salectsdby visualobs-s-rvationOf
flighttestsas the amountn~cessaryto aliminatethe
adverseyawingin aileronrolls.

5
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The stabilit?and cc.ntrolcharacteristicswere
determinedfrom ths free-flight-tunnelpilot~sobser-
vationsandmotion-picturerecordsof flights. The
general~light-behaviorratingswere basede-n-thepilotfs
opinionraccrdedfrr each test condition.Eachrating
was b~sellon a number@f =@par@te.flight.s...~lt-n~ughthe
accuracyof theseratingsdependedupon thg pilot!s
abilityto recognizeunsati.s.factcryconditions,it is
believedthat the ratingsgivea qua~itativeindication
of the eff’actof changesof the variablesinvolv3d.

CALCULATIONS

Boundariesfor neutralspiralstabillty(E= O)
and neutraloscillatorystability(R = O) were calculated
over the testrangeby meansof the stabilityequations
of reference1 and are shownin figures6 and 8.

Valuesof tho lateralstabilityderivative-ly
P

used in the calculationswsr.eobttilnadfromfercotssts
of themodel. Th3 value~f the pwing rotaryderivativeC

‘r
was obtainedfromfrea-escillatientastsnf-thsmndelby
thernathoddascribedin raference5, Ths other.rotary
dszivatfvesCL , C and %r wsreestimat~dfrom the

?? ‘P’
charts@f reference6 and the formulasof rsforance7. The
valudsof themass charectjristicsm, kx~ and kZ
wors measuredfor ths mdal.

.

1

I
RESULTS#WD DISCUSSION i

Ths resultsof tha flightttistsat a liftcoef-
ficient@f l.O.arepresentedin figure6 in the formof
qualitativeratingsof the general.flightbehaviorof
themodel. The flight-behaviorratingsand the variations

—

of the ratingswith Czp and C as shownin figure6(a)
%’ .

for the modelswith full-spandihedral,are considered
normal”inasmuchas theyare quitesimilarto the ratings
obtal.nedin previousfree-flight-tunnel&sts. Theseresults -
will thereforeba usedas a standardby whichto comparethe
resultsof thetastsof modelswithhalf-spanand quarter-
spandihedral.

6
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The behaviorof the modelwith half-spandihedral
(fig.6(b))was similarto thatof the modelswith full-
spandihedralfor the samevaluesof Ci and C .

P %

With the quarter-spandihedral,however,tb model
was more difficultto fly at a lift coefficientof 1.0
thanit was with full-spandihedralas shownb

T
a com-

parisonof the rati”ngscf ~igures6(a)and 5(c for the
samevaluesof CL.-and Cn . This differe-n~e-fn–%ha

k @
fifingcharacteristicswas most pronouncedat lowervalues
nf cn. and highervaluesof effec~ivedihedral,particu-

b
larlyfor the modelwith 40° quarter-spandihedraland
verticaltail 5 percentof thewing area .(CZ9= -0.ccwo

and C = 0.00075). The model,at a lfft co~fficientof
% —

1.0 and’with a quarter-spandihedralef 40~ parformeda
lightlydampedlateraloscillationwhichwas pra~ominantly
rolling. As the ~irectionalstabilitywas reducedfor
this dihedralarranEemsnt,the rollingoscillationbecaine
more violentand at the lowsstvalueof directionalsta-
bllttytested (C = 0.CO075)the motionbecames@ violent

%
thatthe modelwas-barelyflyable. This oscillationdif-
faredfromthe t~a of oscillationusuallyobtainedwith
low directionalstabilityand high effectivedihedralin
thatthe rollingwas muchmore ssvereand”of shorter
periodwith smallersidewisedisplacement.The modelin
theseoscillationsdescribada rapid~’falling-leaf”maneu-
var. The oscillationswere startedby normalcontrol
deflectionsand gustinessin the tunnal. The pilotfound
these o~cillations difficultto checkand at timesmay
havaaccidentallyreinforcedthemwith ailerons. Figure7(a)
presentsa timehistoryof themodel in controlledflight
at a liftcoefficientof 1.0 and a quarter-spandihedral
of .400 ●

At the lowerliftccef’ficiantsthe mcdelwas easier
to fly and the rolltngoscillationswere more heavily
damped,as shownin figure7(b) (CL~ 0.4). These
lateralflyingcharacteristicsat low lift coefficient
were consideredto be fairlygood and figura7(b) is
presentedfor.comparisonwith the flightrecordof the
modelwith quarter-spandihsdvalof 400 at high lift - ._-——

coefficient(fig.7(a)). Figure8 presentsa comparison

7
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of the flight-behaviorratings for the modelwith full-
spanand quarter-spandihedralfor lift coefficients
of 0.4, 0.7, and 1.0. This figureshowsthatno ap-
p178Ci&3bhdif’fsrenceexistedbetweenthe flylngcharacter-
isticsof the quarter-span-and full-span-dihedralmodels
at lower lift coefficients.

The objectionablerollingof the modelencountered
at a liftcoefficient@f 1.0 and a quarter-spandihedral
of 4.0°is believedto h~vabeen causedby lowerdamping
in roll C,l

3
than that”ofthemodelwith full-span

dihedral. tallsurveysof themedalsshowthat--anearly
stallocc~n?sat the dihedralbreakof the quarter-span-
dihadralrmdalthatd~es’notoccuron the full-span-
di.hedralmedal. (s00 fi~. 9.) In a rollthe downgoing
wing of themodel is at a.high~raffectiveangl~of attack
thanthatfor whichthe mcdelis trimmedand theupgolng
wing is at a lowereffectiveangleof attack. At htgh
liftcoefficients,then,the downpyingwingof t~e quarter-
span-dihedralmodelmay be partlystalledand theup~olng
wingunstalled,whereasbothwingsof the full-span-dihedral
modelare unstalled.Becauseof thisunsymmetricalstalling
the quarter-span-dihedralmodelwouldbe expecttidto have
a lowervalueof the damningin rollparameter cLp than

the full=snan-dihedralmodel. This conclusionhas been
substantiatedby theresultsof full-scaleflightt-astsin
which!Ifalling-laaffloscillationsw3reencounteredwhen
earlytip stalloccurrad.

The wing-tipstalling,and consequentreductionof’ %p
of the quarter-span-dihedralmodelwouldprobablybe
3.nterlsifiedby”anyadverseyawin~whichoccurre~. The
discrepancybetweenthe fli~htratingsfor tha full-span-
dihedraland quarter-span-dihedralmodelswas therefore
g~eaterfor t-astconditionshavinglow directionalstability
thanfor thesehavinghigh directionalstability. (Seefig. 6.)

The low scaleat whichtestsw3remademust be con-
sideredwhen an analysisis made of the presentdata,bacause
the stallingat the dihedralbreakef full-scaleairplanes
with tip dihedral.willnot n~cessarilybe th3 sameas for
themedalst3sted. It is believed,hnwevar,thatlarge
anglesof tip dihedralwill tendto causapoorlateral
stabilityat low speedsand shfiuldthereforebe avoided.
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CONCLUSIONS

.

.

Free-flight-tunneltastsof free-flyingmodels
have shownthatat high liftcoefficientstip dihedral
may causea lightl

Y
damredtiteraloscllltitien(pre-

dominantlyrolllng, whichdcesnot occurwith f-ul1-
spandihedralat similarvaluesof effectivedihedral
and directionalstability.This abnormallatsraloscil-
lationis l?eltevedto be causedby a reductinnof-the
dampingin rolldue to earlystallingat the dihedral
break. No apparsntdifferenceexistedbetweenthe flying
characteristicscf the m~dslswith full-spanand tip . ,
dihedralfor the lowerliftcoefficients.

In orderto establishdefinitelythe reasfinsfor tke
poorlateral-stabilitycharacteristicsat h+.ghlift c@ef-
ficiantswith tip dihadral,valuesof the dampingin roll .
parameter CL= shouldba measuredfor tliavarious

conditionst~;tad,and an independentstudy@f .thoeffect
of stallpatternson lataralstabilityat high liftC03f-
fici3ntsshouldbe made. —

LangleyMemorialAeronauticalLaboratory
NatienalAdvisoryCcmmitteefor Aarcnautics

LanglayField,Vs., Jme”12, 1946
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Figure 1.-;est section of Langley free-flight tunnel showing
model with tip dihedral in fllght.
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(a) Quarter-span-dihedralmodel.

(b)Half-span-dihedralmodel.

Figure3.- Frontview of modelsused in tip-dihedral
investigation.
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NACA TN No. 1059 Fig.4a,b

(a) Quarter-span-dihedralmodel.

(b) Half-span-dihedralmod~l.

Figure4.- Three-quarterrear viewof modelsused in
tip-dihedralinvestigation.



NACA TN No. 1059 Fig.~a-c

-.093 #2 -.&/ o .a/ .092 .au .m .U3-5
Effec+/ke-d/hedm/ /mnmt?A=, -C)p , P= *

F/gure K- ComarzmncF/itera/ sfabl.fy cWYv@t7ves
A’mcz#e/swlf various spanw}sedlhedrul-breuk

C’=/.0.

.
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J figure6.-Genera/ f// ~#AeAwor ratingswithcu/cu/Q?W
/spiru/ ond OSCIufory Aourw%es.Formodej$with

wmiow+mnwwedAedtwkbreakIoca+}om.C~ a(Z&!.
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